Influence of Chicken Manure amendment on the thermal properties of selected Benchmark soils in Zambia was investigated in the laboratory under soil column experiments. Five benchmark soils were exerted to four chicken manure amendment rates of 0% (control), 2%, 4% and 6% on a weight basis. Soil temperature profiles were monitored in soil columns exerted to artificial heat source and generated data was used to compute the thermal properties of the soils. The effect of manure application on the soil thermal properties was strongly related to soil type and application rate. Significant differences (p < 0.05) were observed in volumetric heat capacity, thermal diffusivity and damping depth among the benchmark soils. The volumetric heat capacity varied from 3.87 MJ•m •s −1 (Mushemi series) a reverse trend to thermal conductivity. A similar trend was observed with damping depth however thermal conductivity was not significantly different among the benchmark soils. The studied soils showed significant differences (p < 0.05) in their thermal properties with chicken manure amendment. Thermal conductivity (λ), thermal diffusivity (D h ) and damping depth (d) decreased while volumetric heat capacity (Cv) increased with increased chicken manure addition. The differences in these thermal properties were attributed to differences in soil properties. These results suggest that chicken manure application can be an important intervention in regulation of the thermal properties of the soil and consequently the thermal regime of the soil.
Introduction
Thermal properties of soils are important attributes to heat transfer in the soil through conduction, convection, and radiation [1] hence dictating the soil surface energy budget [2] [3], hydrologic processes [4] , and greenhouse gas emissions [5] .
These thermal properties dictate the retention and transmission of heat within and out of the soil and influence temperature and heat flux with time and depth [6] .
Although soil temperature measurements are routine, in situ measurements of thermal properties of soil are rare. In agriculture, thermal properties play an important role to ensure optimal emergence and crop growth [7] . The measurement of thermal properties is also necessary for determining mass and energy exchange processes which take place in the soil-plant-atmosphere continuum. Therefore, investigating soil thermal properties helps evaluate optimum conditions for plant growth and development, and is important for controlling soil thermal moisture regime [8] .
The use of chicken manure as an organic amendment improves soil quality. The need and utilization of chicken manure are attributed to its high content of nitrogen, phosphorus and potassium [9] and increased organic matter content [10] , rarely mentioned in improved thermal properties. A benchmark soil is one of large extent within one or more major land resource areas (MLRA), one that holds a key position in the soil classification system, one for which there is a large amount of data, one that has special importance to one or more significant land uses, or one that is of significant ecological importance.
Benchmark soils are important in the soil classification and provide a good basis for understanding soil properties. These soils data presents a special significance to farming, engineering, forestry, urban development, wetland, and other uses [11] . Information about Benchmark soils can be extended to those soils that are closely related to classification and geography [12] . However, current investigation on soils shows there is limited research on the influence of chicken manure amendment on the thermal properties of selected benchmark soils in Zambia. Hence, this study aimed at assessing thermal properties (thermal conductivity, volumetric heat capacity, and thermal diffusivity) of selected benchmark soils and evaluating the influence of chicken manure amendment on the same thermal properties of selected benchmark soils.
Materials and Methods

Site Description
The Benchmark soils also referred to as soil series used in the study were collected 0 -0.2 m soil depth from five (5) sites located in Agro-ecological region (AEZ) IIa of Zambia (Table 1, Figure 1 ). These soil types are well defined, characterized and representative of the main productive soils in Zambia [13] .
Preparation Soil and Chicken Manure Samples
Composite soil samples were collected from five benchmark soil series while at Figure 1 . Location of selected benchmark soils used in the study.
same time the undisturbed soil samples were collected using standard core rings (diameter = 0.05 m, height = 0.05 m) for selected soil hydraulic characterization.
Extra 100 kg of soil was collected from the five-soil series at a depth of 0 -20 cm for use during laboratory column experiments.
Chicken manure samples were collected from the chicken farmhouse within the School of Agricultural Sciences at the University of Zambia. The samples were air-dried and sieved through a 2 mm sieve.
Soil Chemical Analysis
The soil pH for the five (5) selected Benchmark soils was determined using Wa- were also measured using the Atomic Absorption Spectrophotometer (AAS).
The micronutrients in the soil were extracted using Diethylenetriamine Patraacetic Acid (DTPA) solution and determined on the Perkin Elmer analyst 400 model Atomic Absorption Spectrophotometer. Separate soil samples amended with different amounts of manure (0%, 2%, 4% and 6%) were also analyzed for organic matter using the Walkley and Black method [14] .
Soil Physical Analysis
Soil water content at field capacity and soil bulk density was determined from undisturbed core samples collected from a depth of 0 -20 cm by the core method [17] . The quantitative determination of the distribution of the particle sizes was done using the procedure of the Standardized Bouyoucos Hydrometer Method [18] . The USDA textural triangle was used to determine the textural class.
Moisture content and bulk density were determined on separate soil samples after manure (0%, 2%, 4% and 6%) application and were measured on a weight per weight (w/w) ratio.
Chicken Manure Analysis
Chicken manure samples were air dried, sieved through a 2-mm sieve and chemically analyzed. The chicken manure pH was determined in 1:5 chicken manure-water ratio. Organic matter content was determined by Walkley-Black Dichromate reduction method [14] . Total N in the manure was determined using the micro-Kjeldahl method [19] . Percentage (%) of available P in chicken manure was measured by first complete combustion of the sample and digesting the ash with 1 M Nitric Acid solution and finally determined using the Bray 1 method [16] . Percentage (%) of K in chicken manure was measured by digesting the ashed sample with 1 M Nitric Acid solution. The concentration of potassium (K) was determined using the Atomic Absorption Spectrometer. Ash content of chicken manure was determined through dry combustion in a muffle furnace. Moisture content in the chicken manure was determined on weight basis.
Experimental Design and Treatments
To assess the influence of chicken manure amendment on the thermal properties of selected Benchmark soils in Zambia, a soil column experiment was laid out in the laboratory at the School of Agricultural Sciences at the University of Zambia.
The five soil types representing benchmark soils in Zambia used in the soil col- 
Soil Thermal Models
Soil temperature profiles were monitored at 10, 20, 30, 40 and 50 cm depth at 30 minutes' interval for 8 hours using digital thermal couples and ordinary thermometers installed at corresponding depths within the soil columns. The heat source was provided by 250-Watt infrared bulbs which were mounted on the surface of the soil in each column.
The measured soil temperature profiles were used to calculate the thermal properties of soil which included volumetric heat capacity, thermal conductivity, thermal diffusivity, and Damping depth. Soil thermal property estimation was performed by using empirical relationships and the Usowicz's physical model of thermal conductivity [8] . Thermal conductivity (λ), the quantity of heat transferred through a unit area of the conducting body in unit time under a temperature gradient [1] was calculated from the soil temperature profiles based on Fourier's law of heat conduction as follows:
where q l is the heat flux, and T 1 and T 2 is the soil temperature at soil depth z 1 The input data needed for the calculations above consists of the soil mineralogical composition, organic matter content, porosity, temperature, and water content profiles. Moreover, the statistical-physical model requires reference data on the thermal conductivity of quartz, other minerals, organic matter, water and air.
Data Analysis
To determine significant differences among the treatments for the measured and computed parameters, data were subjected to analysis of variance (ANOVA) using GenStat Statistical Software. The Least Significant difference test was used to separate the means. Differences were declared significant at p < 0.05.
Results and Discussion
Results on Selected Chemical Properties of the 5 Benchmark Soils
Data on selected chemical analysis on the thermal properties of selected Benchmark soils in Zambia are presented in Table 2 . The data revealed that all the 5
Benchmark soils used in the study were slightly acidic. The electrical conductivity of all the soils was low and less than 2 µS•cm Table 3 shows data on soil physical analysis. The data indicated that the bulk densities of the soils used in the study were within range. There were no significant differences observed in bulk density among the soils. Makeni soils had the lowest bulk density (1.17 gm•cm 
Results on Selected Physical Properties of the 5 Benchmark Soils
Results on Selected Chemical and Physical Properties of Chicken Manure
Results on chemical and physical properties of chicken manure are presented in 
Thermal Properties of Selected Benchmark Soils
Heat Capacity
Data on thermal properties of the five selected soil series are presented in Table 5 . ). The high С v may be attributed to the initial organic matter content which was more than 2% in all the soils except Mushemi soil. Literature [20] states that if the organic content is high, volumetric heat capacity (C v ) will be high. Since organic content in all the soils was more than 2%, then the C v was expected to be high.
Thermal Conductivity
There were no significant differences observed in thermal conductivity for the five (5) . Thermal Conductivity is important for the transmission of heat in the soil [21] and since there were no significant differences in thermal Conductivity, heat transmission was the same among the five (5) soil series.
Thermal Diffusivity
Significant differences (p < 0.05) were observed regarding thermal diffusivity . Although all the soils had low thermal diffusivity, significant differences (p < 0.05) were observed between Makeni and Chelstone Soils, Makeni and Nakambala Soils and Makeni and Mushemi Soils. Thermal diffusivity affects the distribution of heat and soil heat flux density [22] . In this case, it shows that there were differences in the way heat is conducted among the soils.
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Damping Depth
The results on damping depth showed significant differences (p < 0.05) among the soil series (Table 5) . Damping depth varied from 27.4 to 41.8 cm with the mean damping depth of 36.2 cm. There were significant differences (p < 0.05) observed among the soil series. Makeni series had the lowest damping depth (27.4 cm), while Mushemi and Nakambala series had the highest value (>40.0 cm), however falling within 50 cm of soil depth important root-zone for most annual crops. Damping depth, a constant characterizing the decrease in amplitude with an increase in distance from the soil surface show how deep the heat source at the surface influences depth of heat change or temperature change [23] . It is important for determining temperature status and selecting necessary land management to provide optimum temperature.
Effect of Chicken Manure on Thermal Properties of Soils
For all the five (5) soil series, chicken manure application significantly affected the volumetric heat capacity of the soil. The addition of chicken manure influences the volumetric heat capacity of a given soil. As stated by [22] heat capacities of different solid constituents vary at different proportions of added organic materials. The data revealed that soil without chicken manure had the lowest while the amended soil at 6% treatment had the highest Volumetric Heat Capacity (C v ). As the amount of chicken manure increased, the heat capacity of the soils also increased, and the C v at all levels of chicken manure was significantly different (p < 0.05). Volumetric Heat Capacity (C v ) is used for storage of heat in the soil. Therefore, soils with high chicken manure will have high heat capacity because manure does not easily lose or gain heat and hence increases the heat capacity and more heat is stored. The result of the effect of chicken manure on thermal conductivity is presented in Table 6 . Thermal conductivity varied from 0.210 (W•m
) for 6%, Table 6 . Effect of chicken manure on thermal properties of soils. ).
There were significant differences (p < 0.05) in thermal conductivity among the treatments. Increased manure application reduced the thermal conductivity of the soils. The results showed that addition of chicken manure to the soil decreased the thermal conductivity of the soil. Similar trends were observed Thermal conductivity and diffusivity of fallow soil decreased with biochar addition rate.
Incorporation of the chicken manure into the soil led to reduced soil bulk density of the soil from 1.27 g/cm 3 to 1.11 g/cm 3 . Similarly application of chicken manure significantly reduced thermal diffusivity of the soils. There were significant differences (p < 0.05) in thermal diffusivity for soil under 6% chicken ma- The effect of chicken manure on damping depth showed that the range of damping depth among the soil was from 43.5% to 0% to 29.0 cm for 6% chicken manure application rate. Chicken manure application for 4% with 34.0 cm and 6% rate of 29.0 cm significantly affected the damping depth of the soil. As the chicken manure application increased, the damping depth decreased. From the study, the data provides an observed interpretation of the influence of chicken manure as a soil amendment on the soil's thermal properties for the five selected Benchmark soils.
According Edem [24] organic manure inclusion at any rate significantly dampen heat transfer in the soil.
Conclusion
The study was undertaken to assess the influence of chicken manure amendment on the thermal properties of 5 selected benchmark soils of Zambia. The studied soil types showed differences in some of their thermal properties. The study revealed that there were significant differences (p < 0.05) in volumetric heat capacity, thermal diffusivity, and damping depth while thermal conductivity was not significantly different among the soils. This implied that these soil types would react differently when exposed to heat sources and sink. Soil organic amendment with chicken manure significantly affected thermal properties of the studied soils. Thermal conductivity (K) and Thermal Diffusivity (D h ) decreased while Volumetric Heat Capacity (C v ) increased. These affect the retention and transmission of heat in the soil. Since chicken manure has high amounts of moisture, this indicates that soils with chicken manure absorb and retain moisture with chicken manure amendment. Therefore, the use of chicken manure is a potential source of moisture, and as such, it is recommended that farmers should know how to effectively manipulate organic amendments to ensure that moisture is maintained even during dry spells.
This is important because it helps farmers manage soil under the influence of climate change.
